Recommendations for breast support, dynamic breast pain assessment, and implications for 4 sports performance have been made within breast biomechanics research; however, these 5 studies have been based upon short exercise protocols (2 to 5 min). The aim of this study was 6 to investigate the effect of breast support on multiplanar breast kinematics over a five 7 kilometre run. Ten female participants (34D or 32DD) conducted two five kilometre runs, in 8 a low and high breast support. Relative multiplanar breast kinematics were averaged over five 9 gait cycles at six intervals of a five kilometre run. Increases in multiplanar breast kinematics 10 were reported from the start to the end of the run, with the greatest rate of increase in breast 11 kinematics reported within the first two kilometres of running. The greatest relative increases 12 in breast range of motion (34%), velocity (33%), and acceleration (41%) were reported in the 13 superioinferior direction at the fifth kilometre (33 minutes of running) in the high breast 14 support. Key findings suggest that the run distance, and therefore run duration, employed for 15 both fundamental research and product validation protocols should be carefully considered 16 and it is suggested that running protocols for assessing breast biomechanics should exceed 17 seven minutes.
The majority of literature investigating the biomechanics of the breast has been 21 conducted during treadmill running (Mason, Page, & Fallon, 1999; McGhee, Steele, Power, 22 2007; Scurr, White, & Hedger, 2009; 2010; 2011) . From this research sports bras are 23 recommended as the most appropriate breast support for females, based upon the reduction of 24 relative breast kinematics (Mason et al., 1999; Scurr et al., 2009) run is the influence of increased sweat rates, and increased skin and core body temperature.
63
During exercise, skin blood flow and sweat rates (Taylor & Groeller, 2008) are elevated from 64 a thermoneutral state in response to increasing core body and skin temperature. The 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
32DD.

95
Participants performed two five kilometre treadmill runs on separate days, 24 to 72 96 hours apart; once in a low breast support (everyday t-shirt bra) and once in a high breast 97 support (Shock Absorber, B4490 sports bra) (Figure 1 ). Participants selected a comfortable 98 running speed, which they felt they could maintain for the duration of the run, this ranged 99 from 8.5 km·h -1 to 10.5 km·h -1 , with an average of 9 km·h -1 (1 km·h -1 ). Once selected, this 100 speed remained constant throughout all run trials. Participants wore the same footwear and 101 lower body clothing for all trials.
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103
Six retro-reflective hemi-spherical markers (diameter of 12 mm) were positioned with to identify gait cycles (Scurr et al., 2009; 2010; 2011) .
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109
Three-dimensional coordinates of the six markers were tracked by eight calibrated 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 on the thorax, nipple, and heel were then exported to Visual3D (C-Motion, Inc.).
126
To establish relative breast kinematics, independent to the 6 dof movement of the 127 thorax, an orthogonal segment coordinate segment converted global coordinates of the right 128 nipple to relative coordinates using a transformation matrix within Visual3D. Three non-129 collinear markers positioned on the thorax were used to define the segment coordinate which extended to the suprasternal notch creating the superioinferior and primary axis (z''), 134 the reference frontal plane (y‫-׳‬z‫)׳‬ was then defined using the three markers, with vector y'' 135 perpendicular to the z‫׳‬ axis. Vector x'' was directed anterior to this plane, and using the right 136 hand rule was perpendicular to z'' and y' ' (Mills, Loveridge, Milligan, Risius, & Scurr, 2014 range of motion between the first two minutes of running and first kilometre interval (14%).
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169
The magnitude of relative multiplanar breast range of motion in the high breast .05) was reported in peak superioinferior breast acceleration from the first two minutes of 222 running to the fifth kilometre interval.
-----INSERT FIGURE 7 HERE -----
224
The greatest percentage increases in peak multiplanar breast acceleration, between 225 two consecutive distance intervals, were reported within the first two kilometres of running White, Brasher, and Scurr (2013) identified that 91% of female London marathon runners 338 reported to wear a sports bra, but identified only 21% of this population rated their 339 knowledge of breast health and bras as above average. It is crucial that exercising females 340 have a good understanding of appropriate breast support and the performance of sports bra 341 over time. Within the current study increases in multiplanar breast kinematics were reported 342 in both the low and high breast support conditions over a five kilometre run, however, the 343 magnitude was significantly reduced in the high breast support (sports bra) when compared to 344 the low support (everyday bra), providing superior support to the breasts.
345
CONCLUSION
346
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